collections between June 1999 and June 2000 at the lake's deepest part (Fig. 1) ; in all 13 samples were taken. The samples were collected at intervals of 50 cm of water column with Van Dorn's bottle and stored in plastic mineral water bottles. The bottom samples were collected at 1.5 m in December 1999 and May 2000, at 2.5 m in July 1999 and March 2000, and at 2.0 m in the remaining months. The pH measurements (Hanna Instruments Model Hi 9321), water temperature, and DO (YSI-52-YSI Corporation-USA field measurers), pE (Digimed Model DM/10 pH/ORP), and electrolytic conductivity (Hanna Instruments Model HI 8819N) were carried out at the place of collection at about 11 o'clock. No thermal stratification was observed at the moment of measurements. Alkalinity was determined by Gran titration. 6 The water samples were filtered through a 0.45 µm cellulose ester Millipore filter and placed in a "Millipore Sterifil Holder" type of filtration instrument with a stainless-steel suspender. The filters were washed with 500 mL ultra-pure water (Milli-Q). The filtered water used for the nitrate, sulfate, and dissolved organic carbon (DOC) determinations was divided into 5 sub-samples for each determination, and stored in labeled 30 mL flasks.
Chlorophyll a was determined with 200 mL of water and filtered under a light shelter, in triplicate and simultaneously. The chlorophyll a concentration was obtained by spectrophotometry according to the methodology described by Lorenzen 7 and Wetzel and Likens. 6 Orthophosphate was determined in triplicate, with two analytical blanks; the standard addition technique was used. Phosphate was determined by the ascorbic acid reduction method. 8 Particulate phosphorus (particulate P) was obtained from the difference between total and dissolved P.
The nitrate and sulfate concentrations were determined by ion chromatography with a conductivity suppression Sycam S 1100 chromatograph and a Sycam S3130 conductivity detector.
Sub-samples for the DOC determination were determined by a Shimadzu carbon analyzer Model TOC 5000A. Total phosphorous and sulfur were determined by atomic emission spectrometry with an induced argon plasma (ICP-AES) Spectroflame Spectro Analytical Instrument.
The water samples were filtered using a 0.45 µm cellulose ester Millipore filter and placed in a "Millipore Sterifil Holder". In triplicate, the sub-samples of non-filtered and filtered water of each depth, accompanied by two blanks were preconcentrated to approximately 20 mL on a heating plate at 60˚C. The samples were transferred to 25 mL volumetric flasks, then completed with ultra-pure water for analysis by atomic emission spectrometry. The metals (Fe, Mn and Cd) present in non-filtered and acidified water samples were represented by total metal and those in filtered and acidified water samples by dissolved metal.
Multivariate analysis was applied to the experimental data using the ARTHUR computer program. 9 The values of physical-chemical parameters and metal concentrations correspond to their arithmetic means. The columns were autoscaled to obtain variable values with zero means and variances equal to 1. Principal Components Analysis (PCA) and Pearson's 95% confidence interval correlation coefficient calculations were applied to this matrix. 9 Theoretical calculations of geochemical equilibrium were 210 ANALYTICAL SCIENCES MARCH 2005, VOL. 21 
Results and Discussion

Application of multivariate methods of analysis
The period of study from June 1999 to June 2000, was divided into two sub-periods, according to the Lake Ipê, Paraná River, and Curutuba Channel rainfall and water levels (Fig. 2) .
The first sub-period of study, from June 1999 to December 1999 was characterized as LW. Figure 3 shows the first two principal components (PC1 and PC2) for water samples of both periods. Water samples collected in January and February 2000 (placed close to the origin of the graph) and especially those collected in March and April 2000 (placed on the lower right) are discriminated by PC1 from the other sampling months, confirming the presence of two sub-periods. It is interesting to note that December samples are more similar to those of the HW period than to those of the LW one.
Many of the variables studied contributed to the separation into two sub-periods, but the most relevant were orthophosphate, Fe, dissolved total P, DOC, Cd, and Mn concentrations. The dissolved O2 concentration was the main PC1 variable, 0.157, that clustered other sampling months into another group. The LW may be considered of greater hydrological stability, not exactly because of thermal stratification maintenance, since there is normally night circulation, but because of a scarcity of flood pulses. 12 Such hydrological stability of Lake Ipê was disturbed in July 1999, perhaps influenced by the Ivinheima River. Figure 2 shows that in July 1999 there was an increase in rainfall and in the water level of Lake Ipê, while there were practically no alterations on the water levels of the Parana River and the Curutuba Channel. In Fig. 3 , the water samples collected in July 1999 can be seen to be discriminated along PC2 from the other samples classified in the LW period. This is due to the concentrations of SO4 2-, dissolved S and Mn in filtered water samples.
This alteration may occur owing to localized rainfalls in July 1999 or may be influenced by the Ivinheima River, causing an increase in depth and flooding on the peatland next to the lake, such land being rich in organic matter in decomposition.
A careful multivariate statistical study was performed with the most relevant variables: ortho-phosphate, Fe, dissolved total P, DOC, Cd, and Mn concentrations, in order to understand the origins of the seasonal variations of the lake water.
Abiotic variables
In July 1999 (LW), the conductivity of the water column was 36.67 µS cm -1 and in April 2000 it was 54.20 µS cm -1 , so the conductivity is strongly controlled by the rainfall. The contribution of the transition metals in conductivity was mostly due to the high Fe 2+ concentration of 0.69 mg L -1 in July 1999 and 9.26 mg L -1 in April 2000. The low level of dissolved oxygen was strongly correlated with the high Fe 2+ concentration, as shown in Table 1 and Fig. 4 .
Alkalinity presented values that oscillated between 166 and 285 µeq L -1 ; the seasonal variation was similar to that observed for conductivity. This was also verified by Thomaz et al. 13 
Dissolved organic carbon (DOC), dissolved oxygen (DO) and pH
The annual distribution of DOC concentration presents two maxima verified in July 1999 (LW) ( 15 Lake Ipê could be characterized, at least during those months, as predominantly fulvic. 16 The increase in DOC in July 1999 was probably due to the lixiviation of the bank regions and flooding of the lake banks with the vegetal organic matter decomposition that occurred in a semi-closed environment.
The decrease in DO in June 1999 was attributed to localized rainfalls (Fig. 2) or perhaps the influence of Ivinheima River, which contributed to the increase in DOM (dissolved organic matter), in the inner part of the lake. Such an increase in allochthonous OM in an aquatic ecosystem causes higher oxygen consumption due to microbial decomposition. 17 The high value of the standard deviation that occurred in March 2000 in the water column was due to accentuated differences in DO concentrations between the lake surface (5.60 mg L -1 ) and in depths over 1 m (1.40 mg L -1 ). This mean that DO was close to anoxia in the deepest layers of the water column. The sharp pH decrease in July 1999 (5.73), in relation to the other months of LW (6.42), was probably due to the increase in OM or the decrease of dissolved oxygen, brought on by the rainfall pulse in that month and the consequent decomposition, causing an increase in fulvic acid.
Phosphorus, sulfur, chlorophyll a and nitrate
The nitrate concentration showed a gradual increase in HW due to the water influx of the Paraná River. To reinforce this assumption, NO3
-did not show a correlation higher than 0.700 with any variables contained in the matrix. The ortho-P reached its maximum in April 2000, 27 µg L -1 (HW) ( Table 1 ). In LW (except for July 1999) 67% of the total P presented itself as particulate P ( Table 1 ). In that period, the chlorophyll a (algal biomass) presented an inverse relation with ortho-P, DOC and A(254 nm)/DOC(g L -1 ). In June 1999, the relation A(254 nm)/DOC(g L -1 ) was 27 L g -1 (the water of the lake presented a light color), and in (July 1999) the relation observed was 65 L g -1 , due to localized rainfalls that carried organic allochthonous material into the lake, which could be visually perceived because of water darkening (brown water). , as did the concentrations of total P, ortho-P, and DOC becoming practically constant until December 1999. In the period from June 1999 to June 2000, Lake Ipê presented total P values between 10 and 30 µg L -1 (Table 1) , except in March and April 2000, characterized as meso-eutrophic. March 2000 (total P = 37 µg L -1 ) and April (total P = 54 µg L -1 ) were characterized as eutrophic (total P = 30 -100 µg L -1 ). 18 The SO4 2-concentrations were higher than 50% of the dissolved total S in practically all months of the period studied and the concentration of SO4 2-remained below 1 mg L -1 , except in July 1999, with 3.47 mg L -1 . The entry of OM into the lake in July 1999, coming from the terrestrial areas and the decomposition of OM with sulfur, such as amino acids, and the effluents coming from tannery industries may have been the cause of increasing SO4 2-. 
( ) Standard deviation of the arithmetic means of the three depths.
Metals
Iron. Figure 4A shows the distribution of total and dissolved Fe concentrations. Two maxima were observed in the distribution, one in July 1999: 2.016 ± 0.057 mg L -1 (LW) and the other in April 2000: 9.949 ± 0.203 mg L -1 (HW). A maximum was observed in the distribution of dissolved Fe in July 1999: 0.691 ± 0.033 mg L -1 and a very accentuated one in April 2000: 9.262 ± 0.324 mg L -1 , perhaps due to soil erosion.
About 50% of Fe was in the dissolved form during LW, except when an increase in the lake depth occurred, due to the rainfalls in July 1999, when only 34% of total Fe was in the dissolved form. Therefore, the rainfalls in July 1999 carried mostly particulate Fe into the lake, which may come from the soil and/or as debris and biomass components. MINTEQA2 theoretical calculations showed that Fe was not complexed with organic matter during LW, due to the physical-chemical conditions presented by the lake.
In the HW period, considerable increases occurred in the concentrations of total and dissolved Fe. The highest percentage of dissolved Fe occurred in March and April 2000, due to the low level of DO in water, reaching about 100%. The low level of dissolved oxygen is helpful to the reduction of Fe 3+ compounds to more soluble Fe 2+ . This indicates that the loads of particulate Fe present in waters of the river suffered total sedimentation along its slow course until they reached the lake. Dissolved Fe represents one of the variables with the highest loading (0.26618) on PC1 that discriminates the sampled months. Theoretical calculations showed that, during HW, the dissolved Fe species and their respective percentages were: Fe 2+ (> 99%), (HW). In the remaining months, the concentrations of dissolved Mn remained close to zero, with a value of 3.7 ± 1.7 µg L -1 for n = 9. The principal components analysis discriminated the dissolved Mn variable of PC2 (0.22899) in July 1999 from the others in the LW period. In July 1999, 90% of the total Mn appeared in the dissolved form.
Results of theoretical calculations during LW showed that manganese was found in soluble forms, Mn 2+ (99.21%), MnSO4 (aq) (0.49%), and MnHCO3 + (0.31%) for the complete set of variables that identified the water samples in July 1999. The presence of these dissolved Mn species in lake waters could be due to superficial flow and/or to atmospheric precipitation, because of the rainfalls localized in the lake region during that month.
In August 1999, the dissolved Mn decreased to 16.5 ± 2.9 µg L -1 , probably due to the sedimentation or the use of dissolved Mn by the biota and, by November 1999, it constituted only about 10% of the total Mn. The highest concentrations of total Mn in HW occurred in March (137 ± 1 µg L -1 ) and April 2000 (282 ± 18 µg L -1 ). In that period, the lake suffered a continuous and rising influx of waters from the Parana River, with a predominance of particulate Mn concentration, in March (60%) and in April 2000 (92%). Thus, it may be concluded that the manganese present in the lake, coming from the Parana River, was in the form of MnO2. The concentration of dissolved Mn remained similar to the value in LW, except in March 2000, when it increased to 43% of the total Mn concentration. Such increases in Mn 2+ concentration could have been attributed to the presence of manganese in waters of the Paraná River, in association with inorganic molecules, as suggested by Gibbs, 21 who studied samples of filtered water (0.45 and 0.10 µm) from the Amazon River, Brazil.
Theoretical calculations showed that there is no possibility of Mn 
Conclusions
It was observed that the lake is polymictic, presenting mostly an aerobic environment, and that the abiotic variables and metals were governed by the hydrological regimen of Paraná River. PCA discriminated between two statistically distinct periods: LW (low waters) and HW (high waters). The parameters with the greatest loading for discrimination were ortho P, Fe, dissolved total P, DOC, Cd, and Mn. The occurrence of occasional flood pulses affected the lake water composition in the drought period, due to the sudden entry of allochthonous matter and water. The decrease of DO, increase of DOC, and sudden decrease in pH in July 1999 were strongly correlated with the high concentration of soluble Fe 2+ . In HW, the level of Paraná River increased gradually during four months, causing a concomitant increase in the concentrations of total and dissolved metals (Fe 2+ , Mn 2+ , Cd 2+ ) in the lake waters. An 213 ANALYTICAL SCIENCES MARCH 2005, VOL. 21 alternative interpretation for cadmium presence is that the Paraná River, or localized rains, could have a strong influence on the underground water level in the Lake Ipê region in these particular periods, and so the high trace metal contents in the Lake Ipê periods could be a natural geochemical process and not the result of the human pollution. The hypothesis is that metals were moistened in the turf but they could have been solubilized and brought up into the lake by the underground water when the Paraná River rose.
We may conclude that the variation of the physical chemical parameters, except for Cd, could be interpreted as a result of the natural hydrological cycle characterized by high and low waters, and occasionally affected by flood pulses.
